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We would like to describe a new experiment which we have in
progress for obtaining a greatly improved value for the Rydberg.
The accuracy of measurevents using classical techniques have been
limited to about 2 x 10" by Doppler broadening and discharg
effects., A recent improvement of accuracy to about 1 x 10 = was
obtained” by using a pulsed dye laser to obtain laser saturated-
absorption of the Balmer a line in a hydrogen discharge, thereby
eliminating Doggler broadenj?g. We hope to achieve an accuracy
between 1 x 10 © and 1 x 10 through use of a recently develop-
ed extremely stable cw dye laser” to produce saturated absorp-
tion of the Balmer o line in an atomic peam of 2 s hydrogen
atoms. Simultaneous excitation with RF should yield a double-
resonance linewidth of about 1 MHz. Use of an atomic beam should
eliminate systematic errors due to collisional effects and
extraneous electromagnetic fields such as are encountered in
discharges. For measuring the Balmer o wavelength to obtain the
Rydberg, we shall use the frequency-controlled Fabry-Perot
interferometer which was used for the wavelength measurement of
the 3.39 u CH, line”. This 3.39 1 CHQ line will be used as the
length standard for the measurement. We expect the accypacy of
our wavelength measurement to be limited to a few x 10 by
already investigated systematic errors inherant in our interfero-
meter, mainly diffraction effects.

With the beam of n = 2, ]Sl hydrogen atoms, the transitions
available for observation are shown in Fig. 1. The approximate
level splittings are indicated. Selection rules allow the six
hyperfine components shown for the optical transition, which has
saturated absorption linewidth of about 30 MHz corresponding to
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tae 3P lifetimg. Thus the four tEansitions
2°s, (F=1) to 3°P,(F=0,1) and to 3 P3/2(F=O,I) form overlapping
dguélets, but Eh two transitiogs

2°S4(F=0) to 3°P,(F=1) and to 3°P_,, (F=1) are well isolated
singlets. For tﬁese singlets, the' addition of RF radiation

to mix the 35S and 3P levels should result in sharp lines with a
width of about 1 MHz for the four double resonance transitions.
The sum frquencies v V_. give the two transition frequen-
cies of the 2°S, (F=0)°E rfF=0,l) doublet. Setting the laser
and RF on the 13MHz-wide peaé to within only 1/20 of the line
width corr?aponds to obtaining the transition frequency to a

part in 10 .

i

The experimental arrangement of the hydrogen beam apparatus
is indicated in Fig. 2. Hydrogen atoms are produced with an RF
discharge in a cell having a multi-channel slit. The atoms then
pass through §n electron excitation region to convert a few per
cent to the 2°S, state. Downstream, the laser beam is crossed at
right angle witk the hydrogen beam and retroreflected to produce
the optical saturated absorption peak. RF in the same region
produces the narrow double resonance peak. The peak is detected
by observation of the number of 2s hydrogen atoms remaining in
the beam downstream from the optical-RF excitation region. At
the detection region, the beam passes through a quenching elec-
tric field and the resulting Lyman o photons are detected with a
solar blind photomultiplier. Modulating the laser frequency over
the peak gives the first derivative signal used to servo the laser
frequency to the center of the peak, with the RF freguency fixed.
The predicted shot-goise limited signal-to-noise ratio at line
center is about 10 in one second, correspondjTg to a pointing
precision on the lines of approximately 2 x 10 . This is about
2 orders of magnitude better than the expected limit of accuracy
for our interferometer.

The stabi%ized cw dye ]aser3 has a frequency stability of
about 6 x 10 for an integration time of 300 sec, better than
the shot noise limit for the hydrogen beam discussed above. The
Allan variance of the frequency noise is shown in Fig. 3A.The
short term stability should allow observation of lines as narrow
as a few kHz, and the long term stability indicates the measure-
ment accuracy which can be achieved. Although such good stability
is not needed for this Rydberg measurement, it will be useful in
our other experiments,such as saturated absorption of a state-
selected calcium beam .

The technique for stabilizing the dye laser is indicated in
Fig. 4. We use a jet of cresyl-violet dye dissolved in ethyl-
ene glycol in order to obtain sufficient power at the Balmer o
wavelength. Since cresyl-violet absorption is very low at the
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Ar+ laser wavelengths and high at 6000R, we use the Ar+ laser

to pump an auxilliary untuned rhodamine 6G dyelaser, and use the
resulting 6000? output to pump the cresyl-violet. In this way we
have obtained about 100 mW single mode at 65638. The dye laser
wavelength is locked to the servo cavity fringe, and the length of
the servo cavity is in turn stabilized to either the 3.39 u fringe,
for tunable stability, or to the Lyman o signal for locking to the
Balmer a line. The entire dye laser is enclosed in a pressure
box, to which the servo cavity is connected, to provide the
capability of pressure scanning the stabilized wavelength. With
the frequency locked to Balmer o , part of the dye laser output is
passed through the interferometer for the wavelength measurement.

The flat-plate frequency-controlled interferometer is des-
cribed elsewhere”. The systematic errors inherant in the inter-
ferometry should limit the accuracy of our Balmer o wavelength
measurement. These errors together with their estimated accuracy
limits are included in Table 1.

Table 1. Predicted accuracy limits, SR/R

Dye laser stability 6 x ]0-]3
Hydrogen beam stability (shot noise 1limit) 2 x 10712
Interferometer systematic errors ~y x ]0-10
1. Fringe pointing ]0_]0
2. Diffraction correction 4 ox 10_10
3. Alignment of laser beam and 10_]0
interferometer axis
Uncertainty in fundamental constants 2 x 10—]0
(m
<)
m
p
Also given in Table | is the main uncertainty in the Rydberg

contributed by uncertainties in the fundamental constants. The
theory’, relating the measured transition energy to the Rydberg,
involves functions of the fine structure constant and the ratio
of the electron mass to the proton mass. All terms appear to be
negligible to the order of accuracy of this experiment except
the factor (1 + m, )} used in converting the Rydberg for hydrogen

m

p
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to the Rydberg for infinite mass, R,b] This factor contributes
an uncertainty to R,,of about 2 x 10 , and is probably less
than the systematic errors which will arise in the interfero-
metery.

The present status of our experiment is as follows. The
stabilized laser works satisfactorily at the Balmer o wavelength,
having more than the required stability and power output. Also,
the interferometer system is complete. The hydrogen atomic beam
apparatus is constructed; however, on our first try we were un-
able to detect any metastable atoms. We are now in the process
of trying to locate and correct the problem.
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Fig. 3. Allan variance plot for cw dye laser, showing frequency
stability vrs. integration time A.
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